Photocatalytic activity test
Photocatalytic conversions of CO 2 by H 2 O were carried out in a flow system using an inner-irradiation-type reaction vessel at room temperature and ambient pressure. The photocatalyst (0.5 g) was dispersed in aqueous solution (1.0 L) with different additives, and CO 2 gas (99.999%) was bubbled into the solution at a flow rate of 30 mL min −1 . The suspension was irradiated using a 400 W high-pressure Hg lamp with a quartz filter connected to a water cooling system. The gaseous products generated in the reaction (such as H 2 , O 2 , N 2 , and CO) were analyzed by thermal conductivity detector-gas chromatography (TCD-GC) using a GC-8A chromatograph (Shimadzu Corp.) equipped with a Molecular Sieve 5A column using Ar as the carrier gas, and by flame ionization detector-gas chromatography (FID-GC) with a methanizer and a ShinCarbon ST column using N 2 as the carrier gas. In the isotopic experiment, 12 CO 2 gas was replaced with 13 CO 2 . The formation of 13 CO and 12 CO was analyzed using a quadrupole mass spectrometer (BEL Japan, Inc., BEL Mass) combined with TCD-GC using Ar as the carrier gas.
Calculation of selectivity toward CO evolution and consumed e − /h + In a photocatalytic reaction, charge separation takes place inside a bulk of photocatalyst, in which electron and hole pairs are generated. Electrons and holes that are not deactivated by recombination move separately to the surface of the photocatalyst. As a result, reduction and oxidation occur at the surface electrons and holes, respectively.
 Reduction process
Two reduction reactions take place in our system: (1) reduction of CO 2 into CO and (2) production of H 2 for the photocatalytic conversion of CO 2 by H 2 O. These are both 2-electrons reduction processes, as shown below.
 Reduction of CO 2 :
In the photocatalytic conversion of CO 2 by H 2 O, H 2 can be produced from water splitting, which competes with the reduction of CO 2 . However, this H 2 production is not a favorable reaction. Therefore, the fraction of electrons used for the reduction of CO 2 should be considered. The selectivity of the generated electrons toward CO evolution can be calculated using Eq. 3.  Selectivity (%) = 100 × 2R CO / (2R CO + 2R H2 )
where R CO and R H2 represent the formation rates of CO and H 2 , respectively.  Oxidation process where R CO , R H2 , R O2 , and R N2 represent the formation rates of CO, H 2 , O 2 , and N 2 ,
respectively. The number of electrons generated by charge transfer is strictly equal to that of holes. When the photocatalytic reaction proceeds stoichiometrically, the ratio of electrons to holes will be equal to 1 (e − /h + = 1).
 Total process
The total chemical formulae in cases where only NH 3 
